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Introduction 
Hydraulic or irrigation canals are artificial systems built for multiple purpo-
ses (e.g. irrigation, human consumption, energy production, motive power, 
industrial supply) to which they have attributed functions as biological cor-
ridors from the terrestrial ecology point of view. However, very little atten-
tion has been paid to their functions comparable to those of natural water-
courses. Certainly, the presence of canals, particularly those soil-excavated, 
represents a linear structure, which acts diversifying the landscape. Riparian 
vegetation of a certain entity can be developed on their margins, whether 
natural or artificial, which can accommodate several ecological functions 
of interest (e.g. wildlife and plant biodiversity, biological corridor, control 
of aquatic primary production by shading the water surface, keeping mi-
crohabitats based on local environmental conditions regarding temperature 
and humidity). 
Therefore, the existence of riparian vegetation is a key element in assessing 
the possible ecological functions of artificial canals. A canal without ri-
parian vegetation plays no remarkable ecological function, but even with 
riparian vegetation, the functions are very different to those of a natural 
river. Table 1 shows a qualitative comparative analysis, in this regard. Ri-
parian strips of artificial canals can play several ecological and landscape 
features of considerable interest; however its composition (variety of spe-
cies), structure (dimensions, layers) and relationship to the water body 
(contact, flooding, accessibility) limit their ecological potential. Ecological 
functions provided by canals could also be quite different if one focuses 
just on the water body itself.  Within this context, in this study we compare 
natural communities living in a a river channel (Segre River; Ebro Basin) 
and communities present at different points along the Canals d’Urgell net-
work.
Table 1. Comparative analysis of ecological functions of riverbanks vegetation in 
artificial soil-excavated canals and river channels. Note that the level of potential 
functionality is rated as: null/low/moderate/high.
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Potential environmental functions com-
pared
Hydraulic Channels
Natural 
RiversNo riverbank 
vegetation 
Riverbank 
vegetation
Biological corridor Low Moderate High
Diversifying landscape Null High High
Host of recreational and leisure activities Low High High
Forest harvesting Null Low High
Wildlife Refuge (physical habitat) Null Moderate High
Wet meadows Null Low High
Source of CPOM Null High High
Regulation of water temperature Null High High
Regulation of aquatic primary production Null High High
Intervention in the balance
evaporation/evapotranspiration
High High High
Flood control Null Null High
Control of nutrient cycling (C, N, P) Null Low High
Slope stabilization Null High High
Figure 1.- General view
Study reach and methods
This study was performed in the Canal d’Urgell (figure 1). Sampling was con-
ducted in two seasons (Spring and Summer). A total of  40 sampling points 
were distributed along the Main Canal (144.2 Km; a total of 26 points), the 
Auxiliary Canal (77.0 Km; 10 points) and in the four main ditches (23.0, 29.2, 
27.5 and 25.9 Km). These points were selected as representative for its flow, 
type of substrate and presence of riparian vegetation. Physico-chemical 
characteristics of water, aquatic vegetation (macrophytes), benthic macroin-
vertebrates and plankton were studied.
Figure 2.- Location of the study area and the configuration of the network of canals 
and ditches of the Comunitat de Regants dels Canals d’Urgell (Community Irriga-
tion of Canals d’Urgell). Some cities and towns indicated as reference. 
Table 1. Comparative analysis of ecological functions of riverbanks vegetation in artificial soil-excavated canals and
river channels. Note that the level of potential functionality is rated as: null/low/moderate/high.
Potential environmental functions compared
Hydraulic Channels
Natural RiversNo riverbank
vegetation 
Riverbank
vegetation
Biological corridor Low Moderate High
Diversifying landscape Null High High
Host of recreational and leisure activities Low High High
Forest harvesting Null Low High
Wildlife Refuge (physical habitat) Null Moderate High
Wet meadows Null Low High
Source of CPOM Null High High
Regulation of water temperature Null High High
Regulation of aquatic primary production Null High High
Intervention in the balance evaporation/evapotranspiration High High High
Flood control Null Null High
Control of nutrient cycling (C, N, P) Null Low High
Slope stabilization Null High High
2.  STUDY REACH AND METHODS
This study was performed in the Canal d'Urgell (Figure 1). Sampling was conducted in two
seasons (Spring and Summer). A total of  40 sampling points were distributed along the Main
Canal (144.2 Km; a total of 26 points), the Auxiliary Canala (77.0 Km; 10 points) and in the
four main ditches (23.0, 29.2, 27.5 and 25.9 Km). These points were selected as representative
for  its  flow,  type  of  substrate  and  presence  of  riparian  vegetation.  Physico-chemical
characteristics  of  water,  aquatic  vegetation  (macrophytes),  benthic  macroinvertebrates  and
plankton were studied.
Figure 1. Location of the study area and the configuration of the network of canals and ditches of the Comunitat de
Regants  dels  Canals  d’Urgell  (Community  Irrigation  of  Canals  d'Urgell).  Some  cities  and  towns  indicated  as
reference. 
3. RESULTS
In relation to  the physico-chemical  characteristics  of  water,  the observed changes were not
significant although appreciable. Figure 2 shows the general patterns of the measured variables
and their respective exchange rate per kilometer of channel length. All variables follow a linear
longitudinal pattern, except the oxygen saturation which it also has a linear pattern, but shows a
certain asymptotic trend (as it  was expected). Pattens are similar  in the Main and Auxiliary
Canals.  In general terms, the  the most notable changes occur in spring and in the Auxiliary
Canal  because  the  water  in  the  origin  of  this  canal  presents  higher  temperature,  and
mineralization and slight oxygen supersaturation with respect to spring. Moreover, it is worth to
mention than the Auxiliary Canal takes water from the lower reach of Segre River (Figure 1),
river that is more regulated by dams. We conclude water quality in the studied canals is not
limiting for the development of natural aquatic communities.
In relation to macrophytes, their presence in the canals is conditioned primarily by the water
turbidity, the shade provided by riparian vegetation and the substrate type. In the total of 40
sampling points, macrophyte development was observed in most of the sections without riparian
vegetation (68.4%) , while in the sections presenting riparian vegetation this value decreased  to
44%. Regarding to the type of substrate and turbidity, in the canal sections on land and more
turbid waters,  the presence of  macrophytes  was reduced (only 15.5% of these sections  had
macrophytes). The percentage was similar in the concrete sections (16.0%), while in the gunite
s ctions, th  presence was low (5.5%) because there are no joints or cracks where macorphytes
can root. In all cases the most abundant specie was Potamogeton pectinatus.
Figure 2. Trends of variation of some physicochemical characteristics, along the main and auxiliary channels.
Finally,  in relation to benthic acroinvertebrates, in all sampling points, 20 systematic units
(families) were identified compared to the 29 found in the River Segre. The Jaccard similarity
index (Margalef, 1977) between the two inventories is 28.9% which shows that these are two
very different  communities.  In  the channel,  a  greater  proportion of  cosmopolitan and more
tolerant systematic units were found. If a generalist biotic index as IBMWP (Iberian Biological
Monitoring Working Party; Alba-Tercedor, et al., 2002) is applied to the data form the canal, a
value of 77 is obtained. However, in the case of the River Segre an score of  153 is obtained.
These differences are also found when the content of suspended algae in the water column is
analysed.  The  river  and  the  canal  have  a  certain  amount  of  algae,  mainly  Diatoms  and
0.008ºC/Km
0.044ºC/Km
Water temperature Water temperature
0.09ºC/Km
0.003ºC/Km
Mineralisation Mineralisation
Oxygen saturation Oxygen saturation
pH pH
Distance to the channel source (144.2 Km) Distance to the channel source (77.0 Km)
Spring
Summer
0.060 µS.cm-1/Km
Main Canal Auxiliary Canal 
0.108 µS.cm-1/Km
1.613 µS.cm-1/Km
0.985 µS.cm-1/Km
0.276%/Km
-0.035%/Km
0.772%/Km
-0.021%/Km
0.006/Km
0.007/Km
0.001/Km
-0.001/Km
Congress on Industrial & Agricultural Canals, Lleida, september 2-5, 2014
463
Results
In relation to the physico-chemical characteristics of water, the observed 
changes were not significant although appreciable. Figure 2 shows the ge-
neral patterns of the measured variables and their respective exchange rate 
per kilometer of channel length. All variables follow a linear longitudinal 
pattern, except the oxygen saturation which it also has a linear pattern, but 
shows a certain asymptotic trend (as it was expected). Pattens are similar 
in the Main and Auxiliary Canals.  In general terms, the  the most notable 
changes occur in spring and in the Auxiliary Canal because the water in the 
origin of this canal presents higher temperature, and mineralization and sli-
ght oxygen supersaturation with respect to spring. Moreover, it is worth to 
mention than the Auxiliary Canal takes water from the lower reach of Segre 
River (figure 2), river that is more regulated by dams. We conclude water 
quality in the studied canals is not limiting for the development of natural 
aquatic communities.
In relation to macrophytes, their presence in the canals is conditioned pri-
marily by the water turbidity, the shade provided by riparian vegetation and 
the substrate type. In the total of 40 sampling points, macrophyte develop-
ment was observed in most of the sections without riparian vegetation (68.4 
%) , while in the sections presenting riparian vegetation this value decrea-
sed  to 44 %. Regarding to the type of substrate and turbidity, in the canal 
sections on land and more turbid waters, the presence of macrophytes was 
reduced (only 15.5 % of these sections had macrophytes). The percentage 
was similar in the concrete sections (16.0 %), while in the gunite sections, 
the presence was low (5.5 %) because there are no joints or cracks where 
macorphytes can root. In all cases the most abundant specie was Potamo-
geton pectinatus.
Finally, in relation to benthic macroinvertebrates, in all sampling points, 20 
systematic units (families) were identified compared to the 29 found in the 
River Segre. The Jaccard similarity index (Margalef, 1977) between the two 
inventories is 28.9 % which shows that these are two very different com-
munities. In the channel, a greater proportion of cosmopolitan and more 
tolerant systematic units were found. If a generalist biotic index as IBMWP 
(Iberian Biological Monitoring Working Party; Alba-Tercedor, et al., 2002) is 
applied to the data form the canal, a value of 77 is obtained. However, in the 
case of the River Segre a score of 153 is obtained.  These differences are also 
found when the content of suspended algae in the water column is analysed. 
The river and the canal have a certain amount of algae, mainly Diatoms and 
Chlorophyceae, resuspended from the bottom or dragged from impounded 
areas and transported. Its density decreases along the canal (Table 2) and a 
significant presence of zooplankton at any point is found (as expected).
Table 2. Number of systematic units (SU) and mean abundance per sample (MAS) 
of algae in the water column, in three areas of the channel network: near the cat-
chment area, intermediate zone and towards the end of the channels.
Near the catchment 
area
Intermediate zone Towards the end of the 
canals
Algal Group Number of 
SU
MAS Number of 
SU
MAS Number of SU MAS
Cyanobacte-
ria
6 178 6 112 2 44
Diatoms 19 202 17 257 17 108
Dinoflagel-
lates
2 155 2 179 1 101
Chlorophy-
ceae
14 312 14 216 6 186
Total 41 847 39 764 26 439
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Conclusions
According to the results of this study, aquatic natural communities in canals 
tended to be simplified in terms of ecological diversity, compared to resi-
dent natural river ecosystems at the water intake of the canals. This would 
place the canals as systems much more simple e inhospitable than natural 
watercourses and therefore, only if these channels retain a forested river-
banks and an uncoated channel, it would make sense to give them some 
ecological functionality.
The forested sidebands of the channels have a diversifying landscape value, 
and it can be considered ecotones for being a physical gradients. A less-
er degree of artificiality behaves more important ecological functions. The 
channels studied, including soil-excavated, present very limiting environ-
mental conditions for settlement of biological activity. Changes may not be 
important at the level of water quality and from a biological point of view, 
they can act as biological connectors, facilitating the dispersion of species, 
but they are not able to maintain a natural community comparable to the 
river.
A key aspect is the dryness of the channels in the winter months, outside 
the irrigation season, which is used for cleaning and maintenance. This cer-
tainly interferes in the natural evolution of the system; however, the ecolog-
ical functions do not improve much in canals and ditches where water flow 
is maintained throughout the year. 
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